Abstract A Monte Carlo algorithm has been established for multi-dispersive copolymerization system, based on the experimental data of copolymer molecular weight and dispersion via GPC measurement. The program simulates the insertion of every monomer unit and records the structure and microscopical sequence of every chain in various lengths. It has been applied successfully for the ring-opening copolymerization of 2,2-dimethyltrimethylene carbonate (DTC) with ε-caprolactone (ε-CL). The simulation coincides with the experimental results and provides microscopical data of triad fractions, lengths of homopolymer segments, etc., which are difficult to obtain by experiments. The algorithm presents also a uniform frame for copolymerization studies under other complicated mechanisms.
Monte Carlo method has been applied in polymer science for a long period, including the studies on properties of polymer chain in solutions or melts, crystallization behaviors, polymer degradation processes, mechanisms and kinetics of complicated polymerization reactions and so forth. Monte Carlo simulations reveal copolymer chain structures with the help of random numbers [1] [2] [3] . The application of Monte Carlo simulation in studying the composition and microscopical sequence of copolymer not only verifies presumed mechanisms but also provides the structure information that is difficult to measure. The conventional algorithm of Monte Carlo in copolymerization systems is using a single living chain to propagate into a pre-fixed length. Macroscopical statistic chain structures are obtained by the average repeating simulation data. Thus, a series of copolymer chains in the same length are repeated in simulation.
This paper has established a Monte Carlo algorithm to simulate real copolymerization reaction containing large amount of multi-dispersive living chains. The total conversion of monomers was used as the criterion of the end in running program. This computer program has been used to analyze the copolymer chain structures of the ring-opening copolymerization of 2,2-dimethyltrimethylene carbonate (DTC) with ε-caprolactone (ε-CL) initiated by rare earth complex.
Algorithm
The basic Monte Carlo method is based on sampling large amount of well-proportioned random numbers to simulate the insertion of monomers into N chains. The data including molecular weight and microscopical information (such as percentages of A and B units in this chain, and diad and triad fractions) are recorded during every reaction process. Macroscopical data are obtained by statistic calculation of N copolymer chains. These macroscopical data can be directly compared with experimental analyses of the copolymer, e.g. gel permeation chromatography (GPC), nuclear magnetic resonance (NMR). This computer program can be used for other copolymerization mechanism reactions by modifying the monomer insertion module.
The data processing technique in GPC [4] is applied to calculate multi-dispersion of the copolymer chain growths (N chains, N≥5000): the polymer weight distribution function is assumed to obey the logarithmic normal distribution as shown in eq. (1), where W(M) denotes the weight fraction of the polymer with molecular weight of M. Therefore, the corresponding number distribution function N(M) is derived as eq. (2):
The function of polymer termination probabilities is used to determine whether an active chain terminates or propagates in the next Monte Carlo simulation step. Eq. (3) shows the relationship between the termination probabilities function P(M) and the number distribution function N(M). The molecular weight of the active chain is M q if a random number s 1 sampled within [0,1) satisfies eq. (4). It is noteworthy that copolymer chain lengths are directly associated with molecular weights, not with the numbers of monomer units as conventional method.
≤ A significance function V(i,t) defined as "the power to propagation" is employed in Monte Carlo simulation considering the different lengths of polymer chains. The physical meaning of V(i,t) is the decreasing propagation rates with the increasing molecular weights of living chains: the chains with higher molecular weight become more difficult in movement and show lower propagation activities. Eq. (5) shows the V(i,t) calculation of the ith polymer chain (the chain numbered i) at the moment t, and eq. (6) defines that the chain numbered 0 bears zero-propagation
